Our aim was to evaluate the prevalence of bacterial vaginosis and decrease in lactobacillus colonization in women 40 years old or older in relation to menopausal status by evaluation of Gram-stained smears. A total of 1,486 smears from Italian Caucasian women aged 40 to 79 years were examined. Women were classified as follows: fertile (regular cycles) (n ‫؍‬ 328), perimenopausal (irregular cycles) (n ‫؍‬ 237), and postmenopausal (n ‫؍‬ 921), including 331 women on estroprogestinic hormone replacement therapy (HRT). The prevalences of bacterial vaginosis (assessed as a Nugent score of >7) in fertile (9.8%) and perimenopausal (11.0%) women were not statistically different, whereas the prevalence was significantly lower overall in postmenopausal women (6.0%) (P ‫؍‬ 0.02). Specifically Bacterial vaginosis (BV) is a polymicrobial disorder characterized by an increase in the vaginal pH over 4.5, a reduction in or absence of lactobacillus colonization, and overgrowth of several facultatively and obligately anaerobic bacteria (10). BV is associated with adverse pregnancy outcomes, upper genital tract infections such as pelvic inflammatory disease, endometritis, post-gynecologic-surgery infections, cervicitis, urinary tract infections, cervical intraepithelial neoplasia, and increased risk of sexual acquisition of human immunodeficiency virus infection (7, 13, 16, 17, 19, 24, 25, (29) (30) (31) . BV is usually diagnosed by the clinical Amsel's criteria (1) or by the Nugent method (26) of Gram stain interpretation. Both these methods, however, were developed to analyze the vaginal flora of pregnant women, and then their use was extended to evaluation of the vagina flora of fertile women. To our knowledge, no clear indications on how to diagnose vaginal flora alterations in peri-and postmenopausal women have been reported. In fact, in postmenopausal women BV cannot be clinically diagnosed by Amsel's criteria (1) because one of these criteria, the vaginal pH value, is constitutively elevated (3, 23) ; moreover, the scarcity of vaginal discharge makes it difficult to judge the kind of secretion. The Nugent method is based on the assumption that normal women have full vaginal colonization by lactobacilli (26); this is valid for pregnant and fertile women but not for postmenopausal women (3, 15, 23) .
Bacterial vaginosis (BV) is a polymicrobial disorder characterized by an increase in the vaginal pH over 4.5, a reduction in or absence of lactobacillus colonization, and overgrowth of several facultatively and obligately anaerobic bacteria (10) . BV is associated with adverse pregnancy outcomes, upper genital tract infections such as pelvic inflammatory disease, endometritis, post-gynecologic-surgery infections, cervicitis, urinary tract infections, cervical intraepithelial neoplasia, and increased risk of sexual acquisition of human immunodeficiency virus infection (7, 13, 16, 17, 19, 24, 25, (29) (30) (31) . BV is usually diagnosed by the clinical Amsel's criteria (1) or by the Nugent method (26) of Gram stain interpretation. Both these methods, however, were developed to analyze the vaginal flora of pregnant women, and then their use was extended to evaluation of the vagina flora of fertile women. To our knowledge, no clear indications on how to diagnose vaginal flora alterations in peri-and postmenopausal women have been reported. In fact, in postmenopausal women BV cannot be clinically diagnosed by Amsel's criteria (1) because one of these criteria, the vaginal pH value, is constitutively elevated (3, 23) ; moreover, the scarcity of vaginal discharge makes it difficult to judge the kind of secretion. The Nugent method is based on the assumption that normal women have full vaginal colonization by lactobacilli (26) ; this is valid for pregnant and fertile women but not for postmenopausal women (3, 15, 23) .
Very few studies have evaluated the prevalence of BV in postmenopausal women (3, 15) , and no study has assessed the prevalence of BV in perimenopausal women. Moreover, no data are available on the effect of hormone replacement therapy (HRT) on BV prevalence.
The present study is a cohort study to determine the changes in vaginal flora and the prevalence of BV by standardized evaluation of Gram-stained smears for women 40 years old or older as a function of reproductive condition: fertile, perimenopausal, or postmenopausal with or without HRT.
MATERIALS AND METHODS
Study population. Nonpregnant women aged 40 to 79 years were consecutively recruited during routine gynecologic examinations (Papanicolaou [Pap] smear tests) in three clinics (located in Udine, Bologna, and Trieste) in northern Italy from April 1998 to April 2001. Women were enrolled after giving informed consent according to local Ethics Committee guidelines, and clinical research was conducted in accordance with guidelines for human experimentation issued by the authors' institutions. As a routine practice, at the time of scheduling of the Pap test, patients were requested to refrain from sexual intercourse and from any vaginal treatment for 3 days prior to their checkups. All women were Caucasian; 92% had Ն8 years of education, and 67% had Ն13 years of education. All women included were eligible for the Pap test (no bleeding or major vaginal inflammatory signs) and had no malignancies or severe medical illnesses. None had overt yeast vaginitis, and none was positive for Neisseria gonorrhoeae infection. Women with positive Trichomonas vaginalis results (on a wet smear and/or Pap smear exam) were excluded. A Chlamydia trachomatis test by ligase chain reaction (LCx; Abbott Diagnostics, Rome, Italy) was performed on the first 500 women enrolled. Because only one woman was positive (0.2% C. trachomatis prevalence), further tests were not carried out. Further exclusion criteria were partial or total hysterectomy, menopause induced by drug treatments, HRT terminated less than 6 months earlier, HRT taken for less than 3 months, vaginal estrogenic treatment, progestinic treatment in perimenopause, and tamoxifen or analogous antiestrogen drug therapy. When interviewed at the times of their visits, women included in the study said that they had not had sexual intercourse or engaged in any vaginal practice (such as douching or using vaginal suppositories) in the past 3 days and had not used antibiotics in the past 2 weeks. Among 1,557 eligible women over the age of 40, 71 were excluded for reasons such as an incomplete questionnaire, positive cervical intraepithelial neoplasia discovered as a result of the Pap test performed at the time of the visit, or an inadequate vaginal secretion smear, leaving a study base of 1,486 participants for analysis.
The mean age Ϯ standard deviation of the 1,486 women enrolled was 53.4 Ϯ 7.0 years.
Groups of women. Postmenopausal condition was defined as the absence of natural menses for at least 12 months.
From the study base of 1,486 women, four different groups of participants were identified. The first group consisted of 328 fertile women who had regular menses. The mean age of this group was 45.3 Ϯ 3.7 years (range, 40 to 55 years);
The second group consisted of 237 perimenopausal women who had irregular menses, or absence of menstruation for less than 12 months (8). The mean age was 50.1 Ϯ 3.0 years (range, 40 to 58 years);
The third group consisted of 590 postmenopausal women who had not received HRT in the past 6 months (95% had never received HRT). The mean age was 58.1 Ϯ 6.0 years (range, 42 to 79 years); the mean age of onset of menopausal status was 50.2 Ϯ 3.6 years (range, 33 to 59 years); the average number of postmenopausal years was 7.9 Ϯ 6.1 (range, 1 to 34 years);
The fourth group consisted of 331 postmenopausal women currently receiving oral or transdermal estroprogestinic replacement therapy. The mean age was 55.4 Ϯ 4.4 years (range, 42 to 69 years); the mean onset of menopausal status was 49.3 Ϯ 4.1 years (range, 32 to 58 years); the average number of postmenopausal years was 6.1 Ϯ 3.5 (range, 1 to 26 years). The average time of HRT was 3.9 Ϯ 2.6 years. One hundred ninety-eight of these women were receiving transdermal estrogenic treatment, and 133 were on oral treatment; 9 of those on oral treatment were receiving tibolone. Progestinic treatment was transdermal in 25 cases, vaginal in 2 cases, and oral in the remaining cases. Two hundred sixty-eight protocols were sequential; the rest were combined estroprogestinic protocols.
Overall, 921 women were postmenopausal, with a physiological termination of menstruation. Their mean age was 57.1 Ϯ 5.6 years (range, 42 to 79 years); the mean age of onset of menopausal status was 49.9 Ϯ 3.8 years (range, 32 to 59 years); the average number of postmenopausal years was 7.3 Ϯ 5.4 (range, 1 to 34 years).
Vaginal sample collection. Samples were collected from the posterior fornix or lateral vaginal wall of nonbleeding women with an Ayre's spatula using a nonlubricated speculum to perform a smear on a glass slide. The smear was then stained according to the Gram procedure. Clue cells and vaginal flora were evaluated on the Gram-stained smear.
Gram-stained-smear evaluation. The vaginal flora was determined by evaluation of five different fields under oil immersion (magnification, ϫ1,000). For the first analysis we adopted the Nugent score method (26) . Three different morphotypes are quantitatively evaluated: lactobacilli, Gardnerella-like species (including Gardnerella vaginalis, Bacteroides spp., Prevotella spp., and Porphyromonas spp.), and Mobiluncus spp. Lactobacilli and Gardnerella-like morphotypes are ranked by the average number in five fields as follows: 0, Ͻ1, 1 to 4, 5 to 30, and Ͼ30. These correspond to 4 to 0 points, respectively, for the lactobacillus morphotype and to 0 to 4 points, respectively, for the Gardnerella-like morphotype. The Mobiluncus morphotype (curved rods) is ranked as 0, Ͻ1 to 4, and Ն5, corresponding to 0, 1, and 2 points, respectively. The sum of the points assigned to each of the three morphotypes is the final Nugent score of the patient, which is classified as normal (a Nugent score from 0 to 3), intermediate altered flora (a Nugent score from 4 to 6), or full BV (a Nugent score from 7 to 10).
In a more-refined analysis, the absence of lactobacilli, of Gardnerella-like bacteria, and of Mobiluncus spp., which is very frequent in peri-or postmenopausal women, was considered apart from the group with intermediate flora (which denotes a partially pathological change in the vaginal flora). For most of these women only epithelial host cells are visible in the smear; occasionally gram-positive cocci and/or enterobacteriaceae are detectable. In fact, the decrease in lactobacilli is a commonly observed phenomenon in healthy postmenopausal women. Since such a physiological condition characterizes a subgroup of women with a Nugent score of 4, we refer to it below as score ‫.ء4‬ None of the women with score ‫ء4‬ had clue cells.
Women with Nugent scores from 4 to 10 who were positive for clue cells were considered to have abnormal anaerobic vaginal flora (6, 32) .
Full lactobacillus colonization was defined as more than 30 lactobacilli observed in all the five (magnification, ϫ1,000) fields examined.
All the Gram smear evaluations were performed by two independent investigators, with more than 90% agreement; discrepant readings were reexamined, and a third investigator was consulted in case of persistent disagreement.
Statistical analysis. Univariate comparisons of proportions were carried out by using the Pearson 2 test. Any P value of Ͻ0.05 was considered statistically significant. The SPSS (Statistical Package for Social Sciences) software package was used for data analysis.
RESULTS
Gram-stained smear scores are shown in Table 1 , subdivided as Nugent scores 0 to 3, 4 to 6, and 7 to 10 (normal, intermediate, and full BV flora, according to Nugent et al. [26] , respectively) and abnormal anaerobic flora (a Nugent score of Ն4 and the presence of clue cells); values are reported for all women as well as for specific subgroups of women defined as fertile, perimenopausal, postmenopausal, and postmenopausal with or without HRT (see Materials and Methods). The overall prevalence of full BV was 7.6%, and that of abnormal anaerobic vaginal flora was 9.9%. Fertile and perimenopausal women showed no statistically significant differences in the prevalences of BV and abnormal anaerobic flora (9.8 versus 11.0% [P ϭ 0.639] for BV; 12.5 versus 13.1% [P ϭ 0.838] for abnormal anaerobic flora). For all postmenopausal women together, the prevalences of BV (6.0%) and abnormal vaginal flora (8.1%) were lower than those in fertile women (P ϭ 0.021 and P ϭ 0.020, respectively) and perimenopausal women (P ϭ 0.007 and P ϭ 0.019, respectively). The subgroup of postmenopausal women with HRT had slightly lower prevalences of BV (5.4%) and abnormal anaerobic flora (7.6%) than postmenopausal women without HRT (6.3 and 8.5%, respectively), but the differences were not statistically significant (P ϭ 0.609 for full BV; P ϭ 0.624 for abnormal anaerobic flora).
Postmenopausal women's smears analyzed according to the method of Nugent showed clearly disproportionate figures for the normal and intermediate flora groups. Among postmenopausal women without HRT, only 46.3% (P Ͻ 0.001 with respect to fertile women) had normal flora, and as many as 47.5% (P Ͻ 0.001 with respect to fertile women) had intermediate flora, i.e., a partially pathological vaginal condition (Table 1).
In a more-refined analysis, the prevalence of score ‫ء4‬ (absence of lactobacilli, no Gardnerella-like species, and no Mobiluncus spp., i.e., disappearance of lactobacillus colonization that cannot be ascribed to the presence of BV-associated bacteria) (Fig. 1) was evaluated ( Table 2) . Fertile women had the lowest prevalence of score ‫ء4‬ (2.1%). A 5.4-fold-higher percentage of perimenopausal women than of fertile women had score ‫ء4‬ (P Ͻ 0.001). For all postmenopausal women together, the prevalence of score ‫ء4‬ was nearly 3-fold that among perimenopausal women (P Ͻ 0.001) and nearly 15-fold that among fertile women (P Ͻ 0.001). The prevalence of score ‫ء4‬ was 21-fold elevated in postmenopausal women who were not hormonally treated over that among women with regular menses (P Ͻ 0.001). The subgroups of postmenopausal women with and without HRT were markedly different in prevalence of physiological absence of lactobacilli (score ‫:)ء4‬ 6.9% versus 44.1% (P Ͻ 0.001). The prevalence of score ‫ء4‬ in women receiving HRT was close to that found in all premenopausal women over the age of 40 (the sum of women with regular and irregular menses) (6.9 versus 6.0%; P ϭ 0.582).
Since a decrease in lactobacillus levels in postmenopausal women is generally considered a normal physiologic change (3, 15, 23) , women over the age of 40 with a score of ‫ء4‬ appear to be more properly ranked in the normal than in the intermediate vaginal flora group. Accordingly, the number of women with a score of ‫ء4‬ was subtracted from the number of women in the group with Nugent scores of 4 to 6, to obtain a redefined intermediate flora group, and was added to the number of women in the group with Nugent scores of 0 to 3 to create a redefined normal group (see Table 2 ). When score ‫ء4‬ was subtracted, the prevalence of intermediate flora in the fertile subgroup was not statistically different from those in all the other subgroups (Table 2 ). In addition, when score ‫ء4‬ was added, there were no statistically significant differences in the prevalence of normal flora between the fertile group, the perimenopausal group, and the group of postmenopausal women without HRT (Table 2 ). Figure 2 shows the profile of full lactobacillus colonization (see Materials and Methods) and of the physiological absence of vaginal lactobacilli (score ‫)ء4‬ among the subgroups of women over the age of 40. The fertile women had a very high prevalence of full vaginal lactobacillus colonization (68.3%) in parallel with the lowest prevalence of score ‫.ء4‬ Full lactobacillus colonization decreases from fertile to perimenopausal to postmenopausal women without HRT. Postmenopausal women without HRT had the lowest percentage of full lactobacillus colonization (34.1%) and the highest prevalence of score ‫ء4‬ (44.1%). Women with HRT showed a level of full lactobacillus colonization almost identical to that found in fertile women (68.9 versus 68.3%; P ϭ 0.871). Overall, HRT causes lactobacillus colonization to revert to levels found in premenopausal women without provoking the restoration of conditions causing BV, as evidenced by the fact that BV prevalence in postmenopausal women with HRT is nearly half that found in all premenopausal women (5.4 versus 10.3%; P ϭ 0.012).
DISCUSSION
The present study differs from previously published studies on the vaginal flora of postmenopausal women in the larger number of subjects and in the direct comparison among fertile women, perimenopausal women, and postmenopausal women with and without HRT, all of whom belong to a homogeneous ethnic group. We examined women presenting for routine Pap smears in order to specifically assess the prevalence of BV in the general population, since these data are missing in the literature and very recently the necessity for such information has been highlighted (24) . The mean age at menopause in the present investigation (49.9 years) is close to that recently reported for the general Italian population (50.9 years) (20) .
We examined the vaginal flora by the objective and reproducible evaluation of Gram-stained smears (26) , avoiding subjective clinical evaluations (1), because vaginal pH in women close to or in menopausal status is not exclusively a marker of anaerobic colonization (3) . To determine the prevalence of BV, we applied the strict definition given by Nugent et al. (26) , comprising scores from 7 to 10, but we also considered the enlarged group with abnormal anaerobic vaginal flora, comprising women with Nugent scores of Ն4 and with Gramstained smears positive for clue cells, as this kind of classification has a sensitivity closer to that of the clinical method (6, 32) .
A number of trends emerged from the present study. We found that in the group of all premenopausal women over the age of 40, the prevalence of BV was 10.3% and that of abnormal anaerobic flora was 12.7%. The presence of regular (fertile women) or irregular (perimenopausal women) menses did not statistically affect the percentages of full BV and abnormal anaerobic flora. In the group of all postmenopausal women, the prevalence of BV was 6.0% and that of abnormal anaerobic flora was 8.1%, both statistically lower than those found in premenopausal women. Estroprogestinic treatment of postmenopausal women had no statistically significant effect on either full BV (prevalence, 5.4%) or abnormal anaerobic flora (prevalence, 7.6%). To the best of our knowledge, no previous study has evaluated the effects of HRT on the prevalence of BV or abnormal anaerobic flora. The absence of lactobacilli without detectable BV-associated microorganisms is a rather rare event in women over the age of 40 who still have regular menses (2.1%), whereas this condition increases markedly in perimenopausal women (11.4%) and is present in as many as 44.1% of postmenopausal women without HRT. We defined this condition as score ‫ء4‬ because it constitutes a subset of women with a Nugent score of 4. It appears that this distinction has to be made especially for peri-and postmenopausal women, because the absence of lactobacillus colonization in these women appears to be a normal physiologic condition rather than an intermediate abnormal flora. In fact, in healthy fertile women, full vaginal colonization by lactobacilli is properly considered the normal physiologic condition. However, the mere absence of lactobacillus colonization (without any evidence of Gardnerella-like or Mobiluncus microorganisms) should be distinguished from other conditions resulting in a Nugent score of 4, which derive from a partial decrease in lactobacillus colonization and a limited increase in growth of BV-associated bacteria. This kind of mixed flora, in our opinion, should be more properly defined as intermediate abnormal flora. On this basis, we propose a new scoring system, a refinement of the Nugent score method, that distinguishes score ‫ء4‬ among women having a Nugent score of 4. We consider it advisable that our method be adopted for all women regardless of hormonal status.
The large increase in the prevalence of score ‫ء4‬ among postmenopausal women without HRT is paralleled by a large decrease in the percentage of women with full lactobacillus colonization (34.1% in postmenopausal women versus 68.3% in fertile women and 57.0% in perimenopausal women). The overall pronounced decrease in lactobacillus levels that we found in postmenopausal women is in line with values obtained in previous studies carried out on more limited numbers of subjects (3, 15, 23) .
In our study HRT restores the percentage of full lactobacillus colonization recorded for fertile women. Among postmenopausal women on estroprogestinic treatment, the prevalence of score ‫ء4‬ (6.9%) is sixfold reduced from that for postmenopausal women without HRT and is threefold higher than that for fertile women; however, it is close to that found in the group of all premenopausal women (the sum of the fertile and perimenopausal subgroups) over the age of 40 (6.0%). The positive influence of HRT on lactobacilli is a known phenomenon, although we were unable to find quantitative data in the published literature (12, 21, 22) . The growth of lactobacilli observed in women receiving estroprogestinic treatment is very likely the consequence of the estrogen-induced increase in glycogen content in vaginal epithelial cells, since glucose derived from the metabolism of glycogen is believed to constitute the main nutritional factor for lactobacilli (which convert it to lactic acid, lowering the vaginal pH) (2, 11, 14) . On the other hand, the availability of glucose potentially could also promote the growth of other microorganisms (18) . In our study HRT did not increase the prevalence of full BV or of abnormal anaerobic flora. Such a finding highlights the fact that some irreversible changes occur in the postmenopausal vaginal environment. Among possible factors that are not significantly affected by estroprogestinic treatments, but that could be involved in the persistence of BV-associated bacteria in the vagina, are the availability of receptors for bacteria on host cells, variations in the biofilm lining the vaginal epithelium, thinning of the vaginal epithelium, changes in mucus abundance, viscosity, and glycoprotein content, availability of nutritional factors (other than glucose) such as metal ions, especially iron, and changes in the innate and/or adaptive immune response (4-6, 9, 27, 28) . The paradox of the postmenopausal condition is that in spite of the impressive decrease in lactobacillus colonization, increase in vaginal pH, increase in levels of gram-positive cocci, and increase in coliform colonization (15) , the prevalence of BV is significantly lower than those in perimenopausal and fertile women.
To our knowledge, no detailed data on vaginal flora in perimenopausal women have been reported previously. In our study, perimenopausal women show a grade of lactobacilli which is intermediate between that of women who still have regular cycles and that of postmenopausal women without HRT. Perimenopausal women have almost the same BV prevalence as fertile women, which is roughly twice that of postmenopausal women, indicating that those factors preventing BV-associated microorganism colonization in postmenopausal women have not yet developed. From our findings it follows that, in dealing with the vaginal flora of women over the age of 40, perimenopausal women should be considered as a distinct group of subjects.
Among the limitations of the present investigation is the lack of information on body mass, sexual habits (frequency of sexual intercourse, number of partners over the life span, age of sexual debut), and hygienic, alimentary, and smoking habits. No serum samples were available on which to perform measurements of follicule-stimulating hormone, luteinizing hormone, and estradiol levels.
In summary, our data reveal that postmenopausal status involves major vaginal changes that are not confined to the glycogen content of epithelial cells, which can be modulated by HRT. Other, still unclarified subtle differences occur in the vaginas of postmenopausal women, and their future identification could contribute to understanding of the general mechanisms of colonization by BV-associated microorganisms. Our data show that the absence of lactobacilli by itself is not related to an elevated prevalence of BV, as observed in peri-and postmenopausal women. This finding suggests that the decrease in lactobacillus colonization is more likely a consequence than a leading cause of the anaerobic alteration of the vaginal ecology.
